This study examines the residual geographical variations in infant and child mortality and how the different categories of the risk factors account for the spatial inequality in West African countries. To this end, we pooled data for 10 of the countries extracted from Demographic and Health Surveys and used the spatial extension of discrete-time survival model to examine how the variables exert influence on infant and child mortality across space. Inference was Bayesian based on the computational efficient MCMC technique. We found different geographical patterns for infant and child mortality. In the case of children under five, demographic factors inherent to the mother and child as well as maternal status variables when accounted for explain away a good part of the huge variations observed in the crude rates. There are no evidence of significant variations, however, in infant mortality except for three neighbouring regions of Liberia and Sierra Leone. The findings can guide in evidence-based allocation of scarce resources in West Africa with the aim of improving the survival chance of young children.
Introduction
Sub-Saharan Africa has continued to bear the enormous burden of infant and child mortality with an under-five mortality rate of 92 deaths per 1000 live births, more than 15 times the average for developed regions (UN Inter-Agency Group for Child Mortality Estimation 2014). Child mortality experienced in West Africa is more than double the rate for most countries in the northern or southern Africa (Balk et al. 2004; MDG Report 2012) , also see Table 1 . Among the West African countries, the experience is disproportionate (Table 1) . Even within countries, it is well documented that aggregate levels of morbidity and mortality conceal spatial variations. Given that causes of childhood morbidity and hence mortality are multifaceted and operate in many complex ways, suitable methodologies that address these complexities are required to examine them. When applied, the methods would allow for the understanding of hidden patterns, including spatial variations which are central in designing effective community-based intervention programmes.
Much attention has been given to the causes of child mortality in the developing world, and several individual, socioeconomic, demographic and environmental factors have been examined. The understanding is that improvement in healthcare services alone might not result in the well-being of children as most illnesses are discreetly influenced by lifestyle (Babalola and Fatusi 2009; Foggin et al. 2001) , socioeconomic and environmental factors (Foggin et al. 2001; Folasade 2000) , cultural attributes (Gesler 1992 ; ) and level of utilization of healthcare services (Atari and Mkandawire 2014; Gayawan 2014b) . Studies by Kazembe and Namangale (2007) , , Kandala et al. (2007) and Gayawan et al. (2014) identified the risk factors of childhood morbidity especially fever, cough, diarrhoea and pneumonia to include age, use of bed nets for sleeping, type of household roofing materials, feeding practices and, notably, the geographical location of a child. These studies reaffirmed the views of Kalipeni (1993) that the district in which a child is born sets the context for risk factors of child morbidity and mortality.
Policymakers are often interested in knowing the distribution of health outcomes according to geographical regions or the association with environmental and socioeconomic factors and how these factors exert influence at different locations. In this regard, mapping the spatial variations in child mortality becomes a critical tool. The need for adopting a geographical approach in analysing child mortality is vital as it would assist in identifying specific areas with high or low risks, thereby assisting in health planning and allocation of scarce resources. The majority of previous studies on infant and child mortality have largely depended on classical correlation and regression analyses. Statistical outcomes produced by these procedures are aggregates and can be misleading if generalized for all local areas. Some authors have examined spatial inequality in childhood morbidity and mortality in West African countries. Analysing data from Nigeria, Adebayo and Fahrmeir (2005) and Adebayo et al. (2004) found Culled from reports of the DHS. Rates are based on 5 years prior to the dates of surveys significant variations in infant and child mortality based on geographical settings. Gayawan and Turra (2015) mapped the geographical variations in risk factors of child mortality in Nigeria. On their part, Balk et al. (2004) found that in West Africa, spatial variables explained a good deal of the country-specific variations in mortality and that they are associated with household characteristics. However, there is the need to look beyond specific country and scrutinize detailed geographical variations among the West African countries in a manner that transcends frontiers. This would broaden our knowledge of the variability and assist in the allocation of scarce resources. This article reports the analyses involving data from 10 West African countries with the aim of elucidating geographical differences in infant and child mortality among regions of the countries. We particularly concentrate on whether there are significant regional variations in infant and child mortality among the countries and if there are, what category of variables can explain such variations. The study adopts Bayesian and geo-statistical techniques to the data from Demographic and Health Surveys to unravel the geographical inequality. We rely on spatial extension of the discrete-time survival model (Fahrmeir and Tutz 2001) . Discreet-time model allows for analysing time as a discreet phenomenon and is therefore considered appropriate in this case because survival times of children are given in months only. The predictors include non-parametric effects of time scale and continuous covariates, spatial components and a linear part in additive form.
In order to fully understand how the risk factors exert influence on mortality among the children and across space in West Africa, we categorize the variables into three: demographic variables that are inherent to the mother and child, variables that are related to mother's status and those related to amenities available to households where the child belongs. Contextual factors, which measured unobserved or unmeasured risk factors, are introduced as random effects. It was anticipated that infant deaths might be more related to endogenous factors such as low birth weight and hereditary diseases (Balk et al. 2004; Kembo and Van Ginneken 2009) while mortality among older children would come from preventable diseases and malnutrition, which are often caused by socioeconomic and culture-related factors (Cleland and van Ginneken 1988; Kembo and Van Ginneken 2009) . Therefore, we first run the analyses for all children under five and then repeated the same for infants, those below age 1 year.
Conceptual issues of child mortality
There have been extensive studies on the impact of socioeconomic, environmental and demographic factors on child survival in the developing world. We provide a brief review that would guide the choice of variables to be included in this study. The study by Caldwell (1979) in an urban city of Nigeria was one of the foremost detailed researches to outline the nexus between education and child survival. Following this submission, studies in several other countries have reaffirmed the direct link between parental education and child mortality (Adetunji 1995; Cleland and van Ginneken 1988; Defo 1996; Folasade 2000; Hobcraft 1993; Iyun 1992 ). Women who attain higher level of education are more likely to marry later, play significant roles on issues pertaining to themselves and their children, be well informed on the best approach to manage illnesses, attend the required number of antenatal care and give birth at available health facilities (Babalola and Fatusi 2009; Gayawan 2014a; Iyun 1992) . Their children are therefore likely to be well nurtured and enjoy better health.
The pace of childbearing, parity and maternal age have similarly been listed among important factors that shape the survival chance of children in developing countries (Hossain and Islam 2008; Kembo and Van Ginneken 2009; Manda 1999; Mturi and Curtis 1995) . Specifically, women who have too many births and those with births that often occur too close together have unpleasant experience of child survival. Rapid succession of births may erode the mother of the required reproductive and nutritional resources since her nutritional reserve would not have fully recovered, leading to higher prevalence of premature and feeble births (Pebley and Stupp 1987) . Theory suggests that young mothers have reproductive systems that are not entirely mature and therefore suffer from severe complications during delivery, resulting in high morbidity for themselves and their children. Also, these women do not adequately utilize maternal healthcare services (Gayawan 2014a; Magadi et al. 2007 ). Older women, by reason of ageing, have declining maternal resources, and thus, children born to these women compete for the limited resources and this inhibits their survival chances (Balk et al. 2004; Manda 1999; Miller et al. 1992) . Consequently, maternal age at birth and birth order exhibit a U-shape relationship with childhood mortality (Kandala and Gebrenegus 2006; Sastry 1997) .
Environmental factors including access to safe water, sanitation, hygiene and indoor smoke from solid fuel cannot be glossed over when discussing grounds of childhood morbidity and mortality. Unsanitary refuse and excreta disposal and use of unsafe drinking water increase the risks of diarrhoeal diseases, cholera and typhoid which are among the leading causes of childhood deaths (Macassa et al. 2004; Yassin 2000) . Lack of awareness of the health consequences of these unhygienic manners and infrequent hand washing compound the risks for children. Further, deficient drainage system and accumulated waste water found in many sprawling settlements located in the majority of the urban cities in sub-Saharan Africa encourage the breed of mosquitoes with the increased risk of malaria, which is a significant cause of death among young children (MDG Report 2012) . Children strapped to the back of their mothers during cooking are exposed to indoor air pollution from the use of biomass fuel, and the result is enhanced risks of acute respiratory infection (ARI) (Janjua et al. 2012) .
Cultural practices and gender preference equally shape child survival in most developing countries. Some African societies consider exclusive breastfeeding as dangerous to infants while handful feel colostrum is too dirty to be given to newborns. Water and other local foods are therefore introduced early in life while herbal teas are given as a first line for treating illnesses (Davies-Adetugbo 1997; Osayande 1998). Gender preference causes discriminatory practices against children of less-desired sex. Because of the seeming bride price to be earned, female children are often most favoured and better nourished than their male counterparts, resulting in skewed social and health consequences for children (Fuse 2010; Klasen 1996 ). Mother's working status and household income level have also been examined and found to affect child survival in the developing world (Adebayo and Fahrmeir 2005; Kalipeni 1993) 
Material and method

Data
The study relies on data set from Demographic and Health Surveys (DHS) conducted in the 10 West African countries under study. The DHS programme has, over the years, provided technical assistance to surveys in several developing countries, thereby advancing global understanding of health and population trends. DHS has developed standard procedures, methodologies and manuals to guide the survey processes and to ensure that the data properly reflect the situations they are intended to describe and are comparable across countries and over time. The sampling frames used for the surveys were based on the population and housing censuses conducted by the various agencies and commissions vested with such responsibilities by the constitutions of the countries. The primary sampling units were defined on the basis of the enumeration areas (EAs) from the Census frames. DHS samples are usually selected using two-stage stratified design. The numbers of clusters were first selected from the list of EAs followed by the selection of households at the second stage. All women aged 15-49 years present at the selected households are eligible to participate in the survey.
The study utilized data from surveys conducted between 2008 and 2013. Since the data were collected within a relatively short period of time, period effect on mortality is minimal (Balk et al. 2004 (2013) and Sierra Leone (2013). As of the time of this study, data available for Togo were from the 1998 survey and are considered to be relatively old to be included. Figure 1a shows a portion of the map of Africa with countries under study shaded, while the regions of each country are shown in Fig. 1b . In the case of Mali, three regions, namely Tombouctou, Gao and Kidal, were not covered during the surveys and were therefore excluded. The sample size analysed for each country is presented in Table 1 . Data refer to children born in the 5 years prior to the surveys. Demographic variables that were considered inherent to the mother and child are maternal age, type of place of residence, child's birth order, whether or not birth was single, sex of the child and sex of the household head. Variables classified as mother's status include mother's educational attainment, household wealth index and mother's working status. Amenity variables include electricity, toilet facility, water source, place of delivery and exposure to media (newspaper, radio and television; whether or not the mother was exposed to each of these at least once a week). The regions, being the spatial unit of analysis, were geo-referenced. In all, 84 regions were included in the analyses. Table 2 presents the categorization for each of the variables and the frequency distribution of the children included.
Statistical methods
In discrete-time survival analysis, the discreet timescale is partitioned into k intervals {I t = [a t − 1 , a t )} with 0 = a 0 < a 1 < … < a k < ∞. It is assumed that all censoring happen at the end of the intervals and the intervals need not necessarily be of equal length. Let the discrete time T = t, t ∈ {1, 2, …, k} denote the observed event in months after birth in the interval I t . Assume further that x it = (x 1t , …, x rt ) denote a vector of covariates. Then, the discrete hazard function, which is the conditional probability of failure (death) occurring in interval [a t − 1 , a t ) given that the child survives to the beginning of the interval, is given by
The corresponding discrete survival function, which is the probability of surviving beyond a t , is given by
Survival information on each child is recorded by (t i , δ i ), i ∈ {1, …, N}, where t i ∈ {1, …, 60} is the child's observed survival time in months and δ i is the survival indicator with δ i = 1 if child i is dead and δ i = 0 if the child is still alive. Therefore, for δ i = 1, t i is the age at death; otherwise, it is the age at the time of the survey. The event of death of the ith child could be considered as a sequence of binary outcomes and can therefore be cast into the framework of binary regression models (Fahrmeir and Tutz 2001) by defining a binary event indicator y it with
The indicator y it could be linked to the covariates x it by an appropriate link function for binary response model such as probit, logit or complementary log-log function and a predictor η it (x it ) as a function of (discrete) time t and the covariates. The hazard function (1) for the ith child can then be written as a binary response model
where h is an appropriate response or link function. In this case study, we assumed the logit link. This can then be linked to the covariates; thus,
where γ 0t corresponds to the baseline effect and ξ is a vector fixed effects parameter. In an entirely parametric framework, the baseline is frequently modelled by a few dummy variables, dividing the time axis into a number of segments, or by some low-order polynomial. However, non-parametric modelling offers a more flexible framework to explore unknown patterns of the baseline as it is expected that the hazard would change smoothly between time points. Because of the spatial structure of the data at hand and the possible non-linear effects of some covariates, predictor (5) is generalized to a geo-additive predictor
where f(x it ) is a smooth function for the non-linear effects of continuous covariates, e.g. mother's age, f spat (s i ) is the non-linear spatial effect of the region of residence and the vector v ′ it comprises of categorical covariates with ξ as a vector of the parameters. The spatial effect may further be split up into spatially correlated (structured) and uncorrelated (unstructured) effects since spatial structure is a substitute of many unobserved influencing factors, some of which may have strong spatial structure while others may only be present locally.
To estimate model parameters and smooth functions, a fully Bayesian approach was adopted and priors assigned as appropriate. In modelling the spatially structured effects, an intrinsic conditional autoregressive (CAR) prior, which introduces a neighbouring structure to the regions, was assumed (Besag et al. 1991) . The prior assumes that the mean for each area ϕ i , conditional on the neighbouring areas, has a normal distribution with mean equal to the average of the neighbouring areas ϕ l and variance inversely proportional to the number of neighbours m i . Under contiguity, with w ij = 1 if areas i and l are adjacent and w ij = 0 otherwise, the CAR prior has the form:
where l~i denotes sites i and j are adjacent areas and σ 2 ϕ is a spatial variance that controls for the degree of smoothness. The unstructured heterogeneity was modelled using exchangeable normal prior θ i eN 0; σ 2 θ À Á . We assumed Bayesian P-spline priors for the baseline and non-linear effects as in Lang and Brezger (2004) . The P-splines allow for the non-parametric estimation of f as a linear combination of basis function (B-splines),
β j B j z ð Þ where B j (z) are B-splines and the coefficients β j are further defined to follow a first-or second-order random walk prior. In this case study, we assumed a second-order random walk, i.e. β j = 2β j − 1 − β j − 2 + ε t with Gaussian error ε t eN 0; τ 2 ε À Á . The variance τ 2 ε controls for the smoothness of f. For the fixed effects, we assigned diffuse priors.
To estimate the smoothing parameters σ Bayesian inference is based on the posterior distribution of model parameters, which is not of a known form. Therefore, MCMC sampling from full conditional for all the effects is used for posterior analysis. To implement the models, a total of 35,000 iterations were carried out, with the first 5000 discarded as burn-in and every 10th observation was thinned for parameter estimation. Convergence was also assessed through autocorrelation functions and trace plots. Model comparison was based on deviance information criterion (DIC) (Spiegelhalter et al. 2002) , in which the model with the lowest DIC value is considered the best.
Results
The sequential analysis of the variables allows for a comprehensive understanding of the multifarious influences of the various categories of the variables across space. Four equations were examined. The first considers crude mortality across the geographical regions without adjusting for any variable. At subsequent steps, variables were added to the first equation. The second equation includes demographic variables intrinsic to the mother and child. In the third, mother's status variables were added to the second equation, while the amenity variables were added in the fourth model, making it the full model. Table 3 presents results of the fixed parameters for equations two to four for children under the age of five. The results for the infants are similar with those for under-five children and hence are not presented. Presented are the posterior means and 95 % credible intervals (CI). Also included in the table are the values of the DIC. Based on the DIC values, model fits improve as more variables were included; thus, the full model has the best fit. Results of the fixed effects largely conform to previous studies on child mortality in sub-Saharan Africa. Children in rural areas stand at higher risks of mortality compared with those dwelling in urban areas. Children of second and higher birth orders and those of single births were at lower risks of mortality compared with children of first and multiple births, respectively. Findings also show higher risks for male child, while those of sex of the household head were not significant.
Children whose parents attain secondary or higher education have lower risks of dying compared with those of parents without education. However, children whose parents possessed primary education had higher risks. Results for wealth indicator show that, compared with children from the poorest index households, those from the richest have lower risks of mortality, while results for the other categories are not significant. Working women have higher risks of child mortality compared with those not working. Children from households with electricity, improved toilet facilities, and who source their water from a pipe and those delivered at hospitals have lower risks of dying compared with their other counterparts. Results on mass media reflect that children whose mothers listen to radio at least once a week have higher risks of mortality while estimates for television and newspaper are not significant. Results for type of cooking fuel are equally not significant.
The estimated posterior means and 95 % CI for child's age (baseline) and mother's age for children under five and infants are presented, respectively, in Figs. 2 and 3. Similar estimates were obtained for all the models; hence, only those of the full models are shown. The baseline for children under five shows a quick reduction in risks of mortality between age 0 and 1 followed by a more or less constant pattern till around age 12 months where a small bump is observed, which could be due to heaping. Thereafter, there is a gentle fall till around age 16 months before the curve rises gently again between ages 21 and 24 months. Next is a sinusoidal pattern before a drastic fall from around age 50 months. The baseline for the infant data equally shows that there is a sharp drop in risks of mortality at the neonate age. The estimated non-linear effect of mother's age shows that the risks of mortality for children under 5 years of age rise steadily till around age 49 years, but not without a little bend around ages 23-25 years. The estimated effects for the infants show a somewhat opposite pattern when put sideby-side with the curve for children under five. It shows a uniform level for ages 15 to 30 years before rising steadily.
Results from the spatial analyses are presented in Figs. 4a-h and 5a-d for children under five and the infants, respectively. The left panels show the posterior means, while the right panels display the maps of 95 % CI. The CI maps are used to determine the significance of the estimates. Maps shaded white (black) signify significantly higher (lower) risks, while estimates for locations in grey colour are not significant. Spatial effects for the crude analysis (Fig. 4a, b) show that the risks are significantly lower for children from the Southern (except South East) and North Central regions of Nigeria; Agadez and Diffa regions of Niger; Borgou, Plateau, Oueme, Cotonou and Atlantique regions of Benin; Western and Volta regions of Ghana; neighbouring Sud-Ouest and Centre-Ouest regions of Ivory Coast; North Central region of Liberia; and Koulikoro, Mali. On the other hand, risks are significantly higher in the North East and North West regions of Nigeria; Tillabéri and Dosso regions of Niger; Cascades, Sahel, Sud-Ouest, Nord and Est regions of Burkina Faso; the whole of Sierra Leone; neighbouring Faranah and Kankan regions of Guinea; Ségou of Mali; Nord and Nord-Ouest regions of Ivory Coast; and North Western and South Eastern B regions of Liberia.
Inclusion of demographic variables and controlling for the unstructured spatial effects via a random effect component, a proxy for unmeasured risks factors, drastically changed the observed crude spatial pattern. The results show significantly higher risks in all the regions of Sierra Leone; Faranah and Kankan regions of Guinea, which are neighbours to Sierra Leone; and Cascades and Sahel regions of Burkina Faso. Significantly lower risks are obtained for the South West region of Nigeria; Plateau, Oueme, Cotonou and Atlantique regions of Benin; and Volta region, Ghana. Adding mother's status variables only changed the spatial pattern obtained from the second model slightly. For instance, the results show high risks in the neighbouring North West (Nigeria), Dosso, Tillabéri (Niger) and Sahel (Burkina Faso), while the risks are no more significant in South West Nigeria. Results of the full equation reveal that when demographic, status and amenity variables are accounted for, the risks of mortality among children under five are only significantly higher in the Southern region of Sierra Leone but lower in Plateau, Benin, but not significant for all other regions. Results obtained from analysing the infants' data are somewhat different from those of under-five children. Significant risks are observed only in the results of the first equation. As the demographic variables were included, the risks are not significant for any region. Therefore, we present only the outcomes of the first and last equations in Fig. 5a-d . Findings from the first equation show that of the 10 countries analysed, the risks of infant mortality are merely significantly higher in three regions: the Southern and Eastern regions of Sierra Leone and North Western region of Liberia. The map of 
Discussions of results
This study aimed at disentangling the spatial variations of child mortality in West African countries in a manner that transcends regional boundaries and therefore offers some insights into the disparity in the experience in a region that contributes largely to children deaths in sub-Saharan Africa. The method and strategy of analysis employed made it possible to discern regional specific effects and how different categories of variables exert influence leading to variations in chances of child survival across space. Though the differences in mortality in West African nations might have been shown using traditional parametric approaches, the Bayesian geo-additive method employed is able to uniquely discern subtle region-specific differences. Adopting methods that create dummies for the regions would unnecessarily upsurge the number of parameters to be estimated and could lead to unstable estimates.
A major finding from this study is that patterns of under-five mortality in West Africa have spatial structure that surpass geographical boundary where similar patterns were observed for neighbouring countries. This is however not the situation in the case of infants where the structure is uniform to some extent. For instances, in respect to other regions, under-five deaths are significantly higher in northwest and northeast Nigeria, a pattern that transcends to neighbouring southwest of Niger. This spatial clustering in the part of Sahel persists even after controlling for some variables. Another clustering was obtained in Sierra Leone, parts of Guinea and neighbouring western regions of Liberia. On the other hand, significantly lower levels were obtained Fig. 4 Posterior means of spatial effects of a unadjusted (crude) mortality for children under five and b its corresponding 95 % CI; c after adjusting for individual characteristic variables and d its corresponding 95 % CI; e after adjusting for individual and maternal status variables and f its corresponding 95 % CI; and g after adjusting for individual, maternal and amenity variables and h its corresponding 95 % CI in the southern Nigerian and neighbouring regions of Benin. The findings may partly be explained by similar prevalence of shared childhood diseases, general healthcare practices and residual spatial variation swayed by variation in unexplained region-specific traits. The Sahel region is typically dry, hot, sunny and somewhat windy all year long and is associated with some diseases, such as cerebrospinal meningitis characterized by high fever, skin rash stupor and sometimes coma, which affect humans particularly children which could account for the clustering in the portion of the region. The Sahel region has also continued to face food insecurity leading to severe acute malnutrition among children (European Commission 2014; West Africa Regional Health Working Group 2012). The fact that infants depend much on breast milk from their mothers makes them less vulnerable to strong food reduction, except if breastfeeding is not exclusive or malnutrition severely affects the mother. Thus, the spatial structure does not show evidence of strong variation among infants, even when the crude data was fitted.
It is noteworthy that the strong spatial structure of Sierra Leone and neighbouring Guinea could only be disentangled by accounting for amenity variables. This underscores the importance of and state of social amenities in these countries. Already, pervasive poverty, high level of illiteracy among women, limited access to safe drinking water and adequate sanitation, poor feeding and hygienic practices, overcrowded housing and limited access to quality health services have been adduced as the causes of huge childhood morbidity and mortality in these regions (Tomori 2014; WHO 2009) . Interventions that could lead to behavioural change in addition to improving the available social amenities in these two countries in particular and other West African countries would go a long way to ameliorate the survival chance of the young children. After controlling for spatial dependence in the data, the majority of the covariates in the fixed part of the models were found to have significant effects in the right direction. Findings on birth order, multiple births and gender for instance conform with existing literature on sub-Saharan Africa (Magadi et al. 2007; Manda 1999; Uthman et al. 2008 ). Multi-foetal pregnancy and multiple births including twins and higher order multiples such as triplets and quadruplets are known to be high-risk pregnancies and births while first births are likely to have occurred to inexperienced mothers. Biological hardiness and gender preference especially resulting from perceived bride price to be earned could account for differences in mortality between genders (Fuse 2010 ).
Mother's educational status and household wealth index are important factors in explaining variations in infant and child mortality. The strong link between mother's education and child survival has led to the advocacy that enhancing mother's education be adopted as a strategy for reducing infant and child morbidity and mortality (Adebayo et al. 2013; Folasade 2000; Gayawan 2014b; Hobcraft 1993) . Our findings show higher chances of child mortality for children whose parents attained primary education against those whose parents had no education. This therefore reaffirms the need to raise maternal education to at least the secondary level in West African countries. Children born to poor households are faced with challenges such as insufficient food intake and lack of access to basic healthcare. The results of the household wealth index are rather fascinating. We found significantly lower risks for children from the richest quantum in the model without amenity variables, but this was no more statistically significant when these variables where included. The implication is that, with the prevailing level of social amenities in West Africa, the impact of family wealth on child mortality becomes weak. Similar to results from Nigeria (Adebayo and Fahrmeir 2005) , Malawi (Manda 1999) and Bolivia (Forste 1994) , working women had higher child mortality than the non-working. One would have expected the opposite. However, majority of the people who live in the major cities of sub-Saharan countries, where gainful employment could be found, live in sprawling settlements that are often overcrowding with poor sanitation (Manda 1999; Mutunga 2004) .
The import of household electricity, improved toilet facilities and delivery at hospital facilities to child survival as indicated by this study cannot be overemphasized. Electricity in households provides energy needed in boiling and preservation which prevents diarrhoeal diseases and respiratory infections in cold climate, but many households in West Africa are still without the essential commodity. The use of pit latrine and other surfaces for passing excreta has been shown to be higher risk morbidity and mortality among children because they are easy source of contamination (Folasade 2000) . The non-significance of water source might result from the fact that in most West African countries, pipes are often dry, leaving the people to source their water from other available sources. On the place of delivery, some African countries including Equatorial Guinea, Morocco, Rwanda, Egypt, Angola and Niger have adopted the strategy of increasing the proportion of births attended to by skilled attendants as a way of reducing incidences of maternal and child mortality and this is yielding positive results (MDG Report 2012).
Results of mother's age for both infants and children under five display similar patterns to what were obtained in separate analyses of Nigerian data by Adebayo and Fahrmeir (2005) and Ghilagaber et al. (2014) . The patterns emphasized that risks are associated with late childbirth, while, as previously stated, children born to much older women compete for limited resources, and these women also rely on previous experiences and therefore refuse to seek for expert help during childbirth (Babalola and Fatusi 2009; Onah et al. 2006; Wagle et al. 2004) . Such experiences might also be relied upon in dealing with childhood diseases. The baseline effects demonstrate that risks of dying are highest in the first month of life and reduce thereafter. Cost-effective interventions, such as early post-natal home visits and case management of neonate infections, need to be intensified in all West African countries.
Conclusion
The influences of different categories of demographic and socioeconomic variables on the spatial structure of infants and child mortality have been scrutinized. The modelling approach was apparently able to discern imperceptible influences and identify regionspecific clustering. The results demonstrate that, in West African countries, under-five mortality is spatially structured with adjusted mortality risks displaying similar patterns among neighbouring regions/countries which might be attributed to common childhood disease prevalence, general healthcare practices, similar poverty level and acute malnutrition caused by food insecurity. However, in the case of infant mortality, the results do not present evidence of pronounced spatial variations. Cost-effective interventions would be required to save the lives of these children. Findings from this study, particularly from the maps generated, could help policymakers and international donors in their various intervention programmes aimed at saving the lives of young children.
